
The insulitis at onset of Type I (insulin-dependent)
diabetes mellitus is characterised by infiltration of
mononuclear cells [1], especially lymphocytes [2].
The T-helper (Th) lymphocytes have been divided
into two subpopulations, Th1 and Th2 [3], based
upon their different pattern of cytokine production
[4]. Although Th1-lymphocytes seem to dominate in
autoimmunity there could well be a complex inter-
play between Th1 and Th2 cells [5] in which Th2-lym-
phocytes might even be protective [4].

Glutamic acid decarboxylase (GAD65) causes both
humoral immune response with production of auto-
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Abstract

Aims/hypothesis. The humoral part of the immune
system, including autoantibodies, is known to predict
manifest Type I (insulin-dependent) diabetes mellitus
in first-degree relatives but the cell-mediated im-
mune process preceding the manifest disease still is
not known. The aim of this investigation was to esti-
mate the immunological balance of Th-like lympho-
cytes (Th1/Th2) in high-risk first-degree relatives of
Type I diabetic children.
Methods. Peripheral blood mononuclear cells
(PBMC) from 21 healthy high-risk first-degree rela-
tives (ICA ³ 20) were examined and compared with
the response seen in PBMC from children with newly
diagnosed Type I diabetes and healthy control sub-
jects of similar age, sex and HLA-type. Expression
of interleukin-4 (IL-4) and interferon-g (IFN-g)
mRNA were determined by RT-PCR and as protein
by ELISPOT after stimulation with specific epitopes
of GAD65 (a. a. 247±279, 509±528, 524±543), bovine
serum albumin, the ABBOS peptide (a. a. 152±169)
and insulin.

Results. High-risk relatives had a high ratio of IFN-
g:IL-4 compared with both diabetic children
(p = 0.0005) and healthy control subjects (p = 0.004).
Production of IFN-g seen in high-risk relatives was
negatively correlated to production of GADA
(r = ±0.44, p = 0.05). The high concentration of IFN-
g from high-risk relatives, decreased after stimulation
with peptides of GAD65, the ABBOS peptide, BSA
and insulin. Increased secretion of IL-4 was observed
after stimulation with two peptides of GAD65 (a.a.
509±528 and 524±543), the ABBOS peptide and insu-
lin.
Conclusion/interpretation. Overwhelming production
of IFN-g seen in peripheral blood mononuclear cells
from high-risk first-degree relatives of children with
Type I diabetes suggests a Th1-like immune deviation
in the prediabetic phase. [Diabetologia (2000) 43:
742±749]
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antibodies [6±9] and proliferation of Th1-like lym-
phocytes [4] in Type I diabetic patients. A specific
peptide of GAD65 (amino acids 247±279), similar in
the amino acid sequence to Coxsackie B virus (a.a.
32±47) [8, 10, 11], could be one reactive epitope
which triggers the immune response in a Th1-like
manner [12, 13]. Furthermore, another epitope of
GAD65 (a. a. 509±524) that shares the sequence ho-
mology with adenovirus, cytomegalovirus and Ep-
stein-Barr virus [14] and also with proinsulin (a. s.
24±36) [15] has been shown to cause an immune re-
sponse in human Type I diabetes [16]. The sequence
(a. a. 524±543) next to this epitope has been shown
to be able to delay the onset of diabetes and reduce
its incidence in non-obese diabetic (NOD) mice [17].

Among dietary proteins, bovine serum albumin
(BSA) from cows' milk has been suggested to be in-
volved in the development of diabetes [18]. Special
interest has been focused on the ABBOS peptide
from BSA, suggesting this peptide as a possible trig-
ger of the autoimmune response [19]. Both activated
Th1-like and Th2-like lymphocytes from diabetic
children as well as from healthy control subjects
have been shown after stimulation with the ABBOS
peptide [20]. These results suggest that the immune
response to the ABBOS peptide is secondary either
to intolerance towards cows' milk or to a non-specific
up-regulation of the immune system [20].

First-degree relatives of Type I diabetic patients
with a positive titre of islet cell antibody (ICA)
( ³ 20 JDF) have been offered participation in the
European Nicotinamide Diabetes Intervention Trial
(ENDIT) [21]. The purpose of this study is to esti-
mate the cell-mediated immune response to relevant
antigens and the humoral immunity in these high-
risk relatives.

Material and methods

Peptides and antigens. The three synthetic peptides of human
glutamic acid decarboxylase (GAD65), used in this study, are
as follows; amino acids 247±279 (NMYAMMIARFKMFPEV-
KEKGMAALPRLIAFTSE-OH) molecular weight 3823.7,
a. a. 509±528 (IPPSLRTLEDNEERMSRLSK-OH) molecular
weight 2371.7, and a. a. 524±543 (SRLSKVAPVIKARM-
MEYGTT-OH) molecular weight 2238.7, (Dept. of Medical
and Physiological Chemistry, University of Uppsala, Sweden).
Furthermore, the ABBOS peptide, a. a. 152±169 (FKA-
DEKKFW GKYLYE IAR) [22] which was kindly provided
by Professor Dosch, insulin (Actrapid Novo Nordisk, Bags-
vaerd, Denmark), BSA (Sigma, Stockholm, Sweden) and phy-
tohaemagglutinin (PHA) (Sigma) were all included in this in-
vestigation.

Peripheral blood mononuclear cells from high-risk relatives,
diabetic children and healthy control subjects. Sodium heparin-
ised venous blood samples were obtained 6 months after inclu-
sion in the ENDIT trial from 21 first-degree relatives (9 wom-
en; age 9±47 years and 12 men; age 7±48 years) of Type I dia-

betic patients. These high-risk relatives had ICAs of 20 Inter-
national Juvenile Diabetes Foundation units (IJDF-U) or
more and five of them have so far developed Type I diabetes.
Blood samples from one woman (41 years) and from one girl
(11 years) were taken at the time of diagnosis, whereas blood
samples from two boys (13 and 16 years) and one man
(51 years) were taken before the development of Type I diabe-
tes.

Blood samples were collected from six diabetic children
(three girls; age 8±16 years and three boys; age 4±16 years)
4 days after the onset of initial insulin therapy. Out of six dia-
betic children five had the diabetes-associated HLA-types
DR3 or DR4 or both and DQ0301±0302 or DQ0501±0201 or
both. Blood samples were also collected from six healthy con-
trol subjects (three women; age 21±49 years and three men;
age 14±51 years) matched for the diabetes-associated HLA-
types DR3, DR4 or DR3/4. The healthy control subjects did
not have diabetes or any other autoimmune disease. Blood
samples, from participants attending the ENDIT trial, were
transported at room temperature to Linköping within 24 h,
whereas blood samples from children with Type I diabetes
were taken when visiting the diabetes team at the paediatric
clinic. Peripheral blood mononuclear cells (PBMC) were iso-
lated by Ficoll-Paque density gradient centrifugation (Pharma-
cia, Biotech, Uppsala, Sweden) and cryopreservated in nitro-
gen until stimulation.

Peripheral blood mononuclear cells stimulated with peptides as-
sociated with Type I diabetes. Frozen mononuclear cells were
thawed, directly from ±196 �C to + 37 �C, in a water bath during
addition of RPMI 1640 supplemented with 10 % FCS. The cell
pellet was diluted in AIM V research grade (Gibco, Täby, Swe-
den) supplemented with 2 mmol/l l-glutamine, 50 mg/l strepto-
mycin sulphate, 10 mg/l gentamicin sulphate and 2 ´ 10±5 mol/l
2-mercaptoethanol (Sigma). We stimulated 4 ´ 106 PBMC
with 50 mg/ml insulin (Actrapid), with GAD65 (a. a. 247±279)
or with the ABBOS peptide (a. a. 152±169) [22] at a concentra-
tion of 5 mg/ml [23] for 48 h at 37 °C, in 5 % CO2. We used
PBMC, from each high-risk relative and healthy control sub-
ject, incubated without antigen but otherwise under the same
conditions, as a control for quantification of spontaneous
mRNA expression for IFN-g and IL-4.

RNA isolation and cDNA synthesis. Total RNA was isolated
from PBMC with RNAzol B (AMS Biotechnology, Täby, Swe-
den) as recommended by the supplier except for small changes
[12]. Total RNA was quantified by optical density at 260 nm.
Using equal amounts of total RNA (2 mg/ml) from PBMC,
stimulated under various conditions, complementary DNA
(cDNA) was synthesised by reverse transcription as described
previously [13]. The cDNA was diluted in water (free from
RNase) in concentrations 1:1 (0.1 mg/ml), 1:5 (0.02 mg/ml), 1:25
(0.004 mg/ml) and 1:250 (0.0004 mg/ml) of total RNA. The final
cDNA product was stored at ±20 �C for subsequent cDNA am-
plification by polymerase chain reaction.

Polymerase chain reaction (PCR). The PCR reaction mixture
was amplified with a Perkin Elmer (Stockholm, Sweden),
DNA thermal cycler 2400, for 38 cycles with an annealing tem-
perature of 55 �C for interferon gamma (IFN-g) and 60 �C for
IL-4 and copper-zinc superoxide dismutase (Cu,ZnSOD). In
all experiments, controls without template were included.
Primer sequences for the internal control, Cu,ZnSOD and for
cytokine-specific primer sequences for interleukin-4 (IL-4)
and IFN-g have been described previously [12]. The predicted
sizes of the single PCR products are: Cu,ZnSOD, 393 bp [24];
IL-4, 176 bp [25] and IFN-g, 129 bp [26] according to the hu-
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man cDNA. Interferon gamma and IL-4 primers were de-
signed as described previously [27] in such a way that they an-
neal to sequences located in different exons, thus making it
possible to distinguish by size, amplified cDNA from amplified
contaminating genomic DNA. The cDNA products and a mol-
ecule weight ladder were visualised by gel electrophoresis in
1.6 % agarose (KEBO, Stockholm, Sweden) in 0.5 ´ TRIS-bo-
rate/EDTA buffer after ethidium bromide (Sigma) staining
and photographed under UV light.

Expression of cytokine mRNA from PBMC stimulated
with specific antigen was scored and presented as positive/neg-
ative after subtraction of the mRNA expression detected from
unstimulated lymphocytes.

Stimulation of lymphocytes and enumeration of IFN-g and IL-
4-secreting cells. The enzyme-linked immuno-spot (ELISPOT)
was done as described previously [28] but slightly modified
[29]. Sterile nitro-cellulose-bottomed 96-well microtitre plates
(Multiscreen HA, Millipore, Bedford, Mass., USA) were coat-
ed with 15 mg/ml of mouse anti-human IFN-g 7B61 mono-
clonal antibody (mAB) or mouse anti-human IL-4 mAB
(Mabtech AB, Stockholm, Sweden) overnight at 4 �C. Non-
specific binding sites on the nitro-cellulose were blocked by in-
cubation with Iscove's modification of Dulbeccos medium
(Life Technologies, Täby, Sweden) supplemented with 50 U/
ml penicillin, 50 mg/ml streptomycin (Life Technologies),
10 ml/l 100 ´ non-essential amino acids (Life Technologies)
and 5 % FCS, for 30 min at 37 �C.

Aliquots of 100 000 PBMC/well were applied together with
100 ml of Iscove's modification of Dulbecco's medium with sup-
plements including one of the following antigens: 100 pg/ml of
GAD65; a. a. 247±279; a. a. 509±528; a. a. 524±543, 100 pg/ml of
the ABBOS peptide, 10 mg/ml of BSA or 500 ng/ml insulin. In
addition, 20 mg/ml of PHA was used as a positive control. All
variants of differently stimulated (with exception for BSA)
and non-stimulated cells were applied in quadruplicates when
possible. Cells were cultured undistributed for 48 h at 37 �C, in
a humidified atmosphere with 5 % CO2 and thereafter washed.
We incubated 1 mg/ml biotinylated anti-human IFN-g-
1-D1KmAB and biotinylated anti-human IL-4 mAB (Mabtech
AB) respectively, for 2 h at room temperature. Streptavidin
conjugated with alkaline phosphatase (Mabtech AB), diluted
1:1000, was incubated for 1 h. Spots developed by ªAP conju-
gate substrate kitº (Bio-Rad, Hercules, Calif., USA) were seen
after 5±10 min. The reaction was allowed to proceed for another
5 min before the wells were rinsed with excessive amounts of
tap water, emptied and dried overnight at room temperature.

All plates with spots were counted manually on two differ-
ent occasions, in dissection microscope, always by the same in-
vestigator. The plates were blinded for identity to avoid any in-
fluence of the outcome of the observation. The median value
of the quadruplicates was calculated for each antigen and lym-
phocyte concentration. The value of the non-stimulated cells
(the ªspontaneous spotsº) was subtracted from the value of
the stimulated cells. As a control, some wells on each plate
were incubated exclusively with Iscove's modification of Dul-
becco's medium with supplements, without cells but otherwise
treated as the other wells, whereas stimulation with PHA was
used as a positive control.

Islet cell antibodies (ICA). Islet cell antibodies were detected
with immunofluorescence on human pancreas sections accord-
ing to a previously reported method [30]. Our method was
standardised according to the IJDF standards for ICA deter-
mination. Our laboratory has participated in international
ICA workshops and has reached specificity as well as sensitivi-
ty of 100 %.

GAD65-autoantibodies. The GAD65-autoantibodies were mea-
sured with a commercial RIA (RSR, Cardiff, UK). Samples
were regarded as positive when more than 0.8 U/ml where
intra-assay and inter-assay coefficients of variation were 2.9 %
and 5.1 %.

Coxsackie virus antibodies. We analysed IgG class antibodies
against Coxsackievirus B4 as described previously [31]. The
IgM class antibodies were measured using a heavy chain cap-
ture EIA using a cocktail of heat-treated Coxsackie B3, A16
and echo 11 viruses as antigens [31]. Antibody levels were ex-
pressed as the relative antibody activity compared with posi-
tive and negative control sera included in each assay [32]. Se-
ropositive cut-off value for IgG antibody positivity was set at
higher than 20 EIU (enzyme immunoassay unites). Positive
IgM or a significant increase (twofold or greater) in IgG or
IgM antibodies was used as an indicator of an acute enterovi-
rus infection.

Insulin autoantibodies (IAA). Insulin autoantibodies were de-
tected with a radioligand competition assay according to a pre-
viously described method [33]. Included in each assay was a
positive control (pool of sera from three IAA-positive pa-
tients) and a negative control subject (with undetectable
IAA). Results were calculated as the difference between incu-
bation with 125I-insulin and incubation with 125I-insulin and ex-
cess of unlabelled antigen. Cut-off was set at M + 2SD for heal-
thy control subjects = 99 nU/ml.

IgG antibodies to BSA. Bovine serum albumin-antibodies
were detected by ELISA. Incubation with mouse anti-human
IgG (BioZac Mo6014, Järfälla, Sweden) was followed by incu-
bation with rabbit anti-mouse ALP (Sigma A4312, Sweden).
Intra-assay and inter-assay coefficients of variation for IgG an-
tibodies were 11.2 % and 13.9 %. Occurrence of IgG within the
samples was calculated out of a standard curve prepared from
serum with high binding to BSA.

Statistics. As the expression of mRNA for IFN-g and IL-4 as
well as secretion of the above mentioned cytokines was not
normally distributed (even after logarithmic transformation),
two groups were compared with Mann-Whitney U-test and
three or more groups were compared with Kruskal Wallis test
for unpaired observations. Spearman's rank correlation was
used when comparing two non-parametric variables whereas
comparison between paired groups were analysed with Wil-
coxon's signed rank test.

A probability level of less than 5 % was considered to be
statistically significant. Calculations were done with a statisti-
cal package StatView 5.0.1 for Macintosh (Abacus Concepts,
Berkeley, Calif., USA).

Ethics. The study was approved by the research ethics commit-
tee of the Faculty of Health Sciences, Linköping University.

Results

Evaluation of antigen concentration and controls

Peptide concentration. In the initial experiments the
peptides were diluted in tissue culture medium in dif-
ferent concentrations; 1 mg/ml, 1 ng/ml, 500 pg/ml,
100 pg/ml, 50 pg/ml and 1 pg/ml and each dilution
was tested by stimulating PBMC followed by detec-
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tion with the ELISPOT technique of cells secreting
IFN-g and IL-4. An optimal concentration for all
peptides and for both IFN-g and IL-4 was found to
be 100 pg/ml, which was consequently used through-
out the study.

Antigen concentration. The optimal concentration for
bovine serum albumin was found to be 10 mg/ml, for
insulin 500 ng/ml insulin and for the positive control
PHA 20 mg/ml when used for analysing cytokin secre-
tion with the ELISPOT technique.

Positive and negative controls. Stimulation with PHA,
used as a positive control, always generated IFN-g
and IL-4 spots for high-risk relatives, diabetic chil-
dren and healthy control subjects. No spots were
found in wells incubated exclusively with Iscove's
modification of Dulbecco's medium with supple-
ments.

Viability. The viability for all peripheral blood mono-
nuclear cells was found between 87±98% for each
population. Only one sample differed from this result
showing a viability of 78%.

Cell-mediated immunity

Higher ratio of IFN-g:IL-4 in high-risk first-degree
relatives of Type I diabetic patients. High-risk rela-
tives had high spontaneous secretion of IFN-g com-
pared with children with newly diagnosed Type I dia-
betes (p = 0.0002) (Fig.1). A higher ratio of IFN-
g:IL-4 could be seen from the first-degree relatives
of diabetic patients compared with diabetic children
(p = 0.0005) and healthy control subjects (p = 0.004)
(Fig.1). Diabetic children as well as five high-risk rel-
atives who became diabetic during the ENDIT-trial
showed a lower ratio of IFN-g:IL-4 compared with
those high-risk relatives who so far have remained
healthy (p = 0.05).

The total amount of spontaneous secreted IFN-g
was negatively correlated to the number of mononu-
clear cells in peripheral blood from relatives with a
high risk of developing Type I diabetes (r = ±0.58,
p = 0.001). Spontaneous secretion of either IFN-g or
IL-4 was not related to age within the group of high-
risk relatives. Neither was the ratio of spontaneous
secreted IFN-g:IL-4 correlated to the sex of subjects
included in this trial.

Reaction to specific peptides of GAD65. Secretion of
IFN-g, which was extremely high in the subjects in-
cluded in the ENDIT-trial, did not further increase
after stimulation with specific peptides (Table 1).
Stimulation with the three specific peptides from
GAD65 (a. a. 247±279, 509±528 and 524±543) led to
decreased amounts of IFN-g within the group of

high-risk relatives (p < 0.0001). This significant
down-regulation of IFN-g production could not be
seen in either children with newly diagnosed Type I
diabetes or in healthy control subjects except when
stimulated with GAD65 (a. a. 524±543) which caused
decreased IFN-g release in Type I diabetic children
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Fig. 1. A Significantly higher spontaneous secretion of IFN-g
among high-risk relatives compared to patients with diabetes.
Secretion of IFN-g is calculated as spots/100 000 PBMC and il-
lustrated by centile box plot (10th, 25th, 50th, 75th and 90th
centile and outliers are indicated). B Relatives at high-risk of
developing Type I diabetes show a high ratio of IFN-g:IL-4
compared with diabetic patients and healthy control subjects.
The ELISPOT technique is done to calculate the number of
cytokine secreting cells:100 000 PBMC illustrated by centile
box plot
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(p < 0.05). The low spontaneous secretion of IL-4 in-
creased instead after stimulation with GAD65 (a. a.
509±528 and a. a. 524±543) in high-risk relatives
(p < 0.05 and p = 0.0007, respectively). In the same
way GAD65 (a. a. 524±543) stimulated PBMC to IL-4
production in Type I diabetic children (p < 0.05) as
well as in healthy control subjects (p < 0.05).

Reaction to BSA and the ABBOS peptide. High-risk
relatives and healthy control subjects showed equal
expression of IFN-g and IL-4 mRNA after specific
stimulation with the ABBOS peptide (a. a. 32±47)
from BSA. The ABBOS peptide caused, however,
decreased secretion of IFN-g in combination with
an up-regulated IL-4 response in high-risk relatives
(p < 0.0001, p = 0.0003, respectively), an increased
IL-4 response in diabetic subjects (p < 0.05) but no
further response in healthy control subjects (Ta-
ble 1). Bovine serum albumin also caused decreased
production of IFN-g (p < 0.05) but no increased pro-
duction of IL-4 in high-risk relatives, although it did
not cause either secretion of IFN-g or IL-4 in dia-
betic children or in healthy control subjects (Ta-
ble 1).

Reaction to insulin. Decreased secretion of IFN-g af-
ter stimulation with insulin could be seen both in the
high-risk relatives (p < 0.0001) as well as in the dia-
betic children (p < 0.05) and the healthy control sub-
jects (p < 0.05) (Table 1). This phenomena was seen
in combination with an increased production of IL-4
in the high-risk relatives (p = 0.0013) and in the heal-
thy control subjects (p = 0.03) (Table 1).

Humoral immunity

Autoantibodies against GAD65 could be detected in
15 out of 20 high-risk relatives. Low levels of
GAD65 autoantibodies were seen in the high-risk rel-
atives who tended to produce more IFN-g (r = ±0.44,
p = 0.05) (Fig.2). The appearance of ICA, IAA or
BSA antibodies among high-risk relatives was not
related to either spontaneous secretion of IFN-g or
IL-4.

A recent Coxsackie B4 virus infection indicated by
a significant twofold increased IgG and IgM positivi-
ty for a cocktail of Coxsackie A16 and B3 and Echo-
virus 11 could be seen in one 12-year-old boy. In addi-
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Table 1. Secretion of IFN-g and IL-4

Spontaneous
secreted IFN-g

Downregulated secretion of IFN-g, measured by ELISPOT, after stimulation by:

GAD
(a. a. 247±279)

GAD
(a. a. 509±528)

GAD
(a.a. 524±543)

ABBOS BSA Insulin

High-risk relatives 143
(43±480)

±33
(±121 - 0)***

±47
(±110 - 16)***

±66
(±160 - ±17)***

±69
(±147 ±18)***

±23
(±136 - 62)*

±79
(±146 - 6)***

Diabetic children 27
(17±41)

±4
(±10 - 7)

±1
(±8 - 10)

±6
(±14 - ±1)*

±7
(±17 - 2)

±3
(±5 - 13)

±5
(±20 - ±2)*

Healthy controls 81
(38±183)

±8
(±23 - 18)

±9
(±38 - 10)

0
(±64 - 12)

±5
(±82 - 11)

±2
(±26 - 40)

±13
(±99 - 3)*

Spontaneous
secreted IL-4

Up-regulated secretion of IL-4, measured by ELISPOT, after stimulation by:

GAD
(a. a. 247±279)

GAD
(a. a. 509±528)

GAD
(a.a. 524±543)

ABBOS BSA Insulin

High-risk relatives 11
(1±130)

3
(±11 - 27)

4
(±13 - 29)*

6
(±2 - 43)**

10
(±6 - 68)**

0
(±24 - 157)

9
(±5 - 114)**

Diabetic children 16
(9±26)

5
(±5 - 41)

8
(±5 - 69)

14
(6 - 53)*

13
(2 - 22)*

10
(±15 - 13)

5
(±6 - 23)

Healthy controls 28
(16±40)

6
(±5 - 19)

3
(±18 - 19)

8
(±1 - 10)*

6
(±8 - 12)

±3
(±26 - 15)

12
(6 - 19)*

Secretion of IFN-g and IL-4 after stimulation with antigens
calculated as spots/100 000 PBMC after subtraction of sponta-
neous cytokine secretion illustrated as median and extremes
(within brackets). P value represents significantly down-regu-

lated secretion of IFN-g and up-regulated secretion of IL-4 by
antigen stimulation among high-risk relatives, diabetic chil-
dren and healthy control subjects. ***p < 0.0001, **p £ 0.001,
*p < 0.05

Fig. 2. Decreased level of GAD autoantibodies (U/ml) studied
in high-risk relatives who secrete high amounts of IFN-g spon-
taneously. r = ±0.44, p = 0.05, n = 20



tion one woman had an ongoing infection indicated
by high IgG and positive IgM. High amounts of
ICAs (r = 0.533, p = 0.03) were found in the high-
risk relatives who produced Coxsackie B4 IgG anti-
bodies.

Discussion

Our major finding is a significantly higher secretion
of IFN-g among subjects with a high risk of develop-
ing Type I diabetes than in diabetic patients. These
high-risk subjects also have a significantly higher ra-
tio of IFN-g:IL-4. Studies in NOD mice [34, 35] as
well as in Type I diabetic patients, support the promo-
tion of inflammatory cellular immune responses by
Th1 cells and are biased towards secretion of IFN-g,
TNF-b and IL-2 [36]. A current hypothesis is that
the pathogenic immune response is mediated by Th1
cells whereas the protective immune response is me-
diated by Th2 cells [35]. Concentrations of circulating
monocyte (IL-1a, TNF-a) and Th1 subset cytokines
(IL-2, IFN-g) are increased in patients at the time of
diagnosis of Type I diabetes [37, 38]. By contrast, pro-
duction of Th2 cytokines (IL-4, IL-10) is not in-
creased, in keeping with the proposal that a Th1-
dominant immune response plays a central part in
disease pathogenesis [38, 39].

The high concentration of IFN-g from high-risk
subjects did not further increase after stimulation
with antigens. The peptide from GAD65 (a.a.
247±279), which mimics the Coxsackie B virus, de-
creased the amount of IFN-g within this group. Fur-

thermore, the GAD65-peptide (a.a. 509±528) which
share sequence homology with a number of viruses
but also with proinsulin caused decreased secretion
of IFN-g in the high-risk group. The first-mentioned
peptide of GAD65 did not cause production of IL-4
whereas the second peptide caused up-regulated se-
cretion of IL-4. The third peptide of GAD65 (a.a.
524±543) which might be immunodominant for Type
I diabetes, caused decreased secretion of IFN-g in
high-risk subjects as well as in diabetic children. This
peptide furthermore caused up-regulated amounts
of IL-4 in subjects with high risk for diabetes, in dia-
betic patients as well as in healthy control subjects.
Nasal insertion of GAD65 peptides could induce a
Th2 cell response that inhibits the spontaneous devel-
opment of autoreactive Th1 responses and the pro-
gression of beta-cell autoimmunity in NOD mice
[40]. Active cellular suppression linked to a shift of
the Th1:Th2 balance towards production of Th2 cyto-
kines by immunisation of NOD mice with GAD65
(a. a. 524±543) has been reported [17]. Epitope-spe-
cific therapy by T-cell epitopes of GAD65, especially
amino acids 524±543 [16], is furthermore suggested
to be of importance for the design of therapeutic ap-
proaches in human diabetes [41].

Autoantibodies against GAD65 (GADA) are sup-
posed to be able to delay the onset of Type I diabetes
[39]. The high-risk subjects included in this study who
produced low concentrations of GADA secreted
high amounts of IFN-g spontaneously. Furthermore,
association between Coxsackie viral infection and
Type I diabetes remains controversial despite nearly
40 years of supportive epidemiological data. Of the
high-risk subjects two showed signs of a recent Cox-
sackie B4 virus infection but no distinct cytokine pro-
file. This observation does not therefore provide evi-
dence of an important link between the existence of
a causative environmental agent and an immunologi-
cal effector system.

Bovine serum albumin decreased the secretion of
IFN-g only in high-risk subjects whereas this protein
did not stimulate the Th2-like lymphocytes to secret
IL-4. Nevertheless, the milk-derived bovine serum al-
bumin-peptide ABBOS down-regulated the cytokine
production in Th1-like lymphocytes only in high-risk
subjects whereas both these subjects and the diabetic
children responded to this specific peptide with in-
creased production of IL-4. Proliferation of PBMC
to BSA has been reported from patients with diabe-
tes compared with non-responding healthy control
subjects [22] and furthermore to the specific ABBOS
peptide [18]. In contrast, other investigations have
found no proof of a difference in humoral or cellular
response to BSA between newly diagnosed patients
with diabetes and healthy adults [42, 43]. This latter
finding is in agreement with our previous finding
showing both Th1-like and Th2-like immune activa-
tion in diabetic children as well as healthy control
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Table 2. Expression of IFN-g and IL-4 mRNA

Upregulated IFN-g mRNA expression,
measured by RT-PCR, after stimulation
with:

GAD
(a. a. 247±279)

ABBOS Insulin

High-risk relatives 7 (19) 9 (17) 3 (19)
Diabetic children N. D. N. D. N. D.
Healthy controls 0 (6) 2 (6) N. D.

Upregulated IL-4 mRNA expression,
measured by RT-PCR, after stimulation
with:

GAD
(a. a. 247±279)

ABBOS Insulin

High-risk relatives 3 (19) 5 (17) 4 (19)
Diabetic children N. D. N. D. N. D.
Healthy controls 0 (6) 2 (6) N. D.

Expression of IFN-g and IL-4 mRNA after stimulation with
antigens scored as constant or up-regulated expression after
subtraction of mRNA expression detected from unstimulated
PBMC. Values represent number of subjects in which stimula-
tion with antigen caused up-regulated cytokine mRNA expres-
sion among those studied (within brackets). ND = not detected



subjects after stimulation with the ABBOS peptide
[20].

Treatment with insulin by a variety of routes has
been shown to prevent the onset of diabetes and the
destruction of pancreatic beta-cells in prediabetic
animals [44] and in high-risk first-degree relatives
[45]. It has been suggested that giving insulin orally
affects the development of diabetes in NOD mice
through the generation of cells that elaborate immu-
noregulatory cytokines within the target organ and
shift the balance from a Th1 to a Th2 pattern of cyto-
kine expression [46]. Insulin used as an antigen within
our study caused a decline in the Th1-like response
but increased activation of Th2-like lymphocytes in
the group of high-risk subjects. Up-regulated secre-
tion of IL-4 produced by Th2-like lymphocytes after
treatment with insulin might indicate that insulin
could have an immune suppressive effect in high-risk
subjects.

Cytokines are highly interdependent and the re-
sponses of Th1 and Th2 cells are mutually inhibitory
[3, 47, 48]. Thus, suppression of IFN-g production is
a recognised action of both IL-4 and IL-10 [49±51].
This could be one possible explanation for the cyto-
kine secretion seen after specific antigen-stimulation
in peripheral blood mononuclear cells from subjects
at increased risk for Type I diabetes.

This study illustrates an overwhelming production
of IFN-g secreted from relatives with high-risk of de-
veloping Type I diabetes in combination with de-
creased amount of autoantibodies against GAD65.
The results might reflect a Th1-like immune devia-
tion in the prediabetic phase of people at high-risk
of developing Type I diabetes.
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